discretion of the house staff. Antibiotics used included: ampicillin (75 mg/kg daily in four divided doses), cloxacillin (25-50 mg/kg daily in four divided doses) or penicillin (25-75 mg/kg daily in four divided doses). Two hospitalised children received methicillin (100-1 50 mg/kg daily in four divided doses). Needle aspiration of the centre of a single mass, or the largest of several masses, was attempted on every child included in this study.
Needle aspiration and culture. After careful preparation of the overlying skin with iodine and alcohol and without anaesthesia, the node was entered with a sterile l+-inch (38 mm) 20-gauge needle attached to a sterile 10-ml syringe. If material was not obtained, the needle was rinsed with thioglycollate broth which was inoculated onto plates of sheep blood, chocolate and Sabouraud's agar, into tubes of thioglycollate and brain-heart infusion broth, and onto Loewenstein-Jensen slants. Any aspiration material was examined by Gram's and acid-fast strains and inoculated as described above. In addition, six aspirates were cultured for anaerobic organisms with pre-reduced anaerobic media (Scott Laboratories). Group-A streptococci were tentatively identified with bacitracin discs (Hyland Laboratories). All coagulase-positive staphylococci were designated S. aureus. Antibiotic sensitivities were tested by the standardised disk method of Bauer et al. (1966) . The node aspirates and throat swabs of several children were cultured for viruses on the following cell culture lines: HeLa, green-monkey kidney, human amnion, and WI-38 fibroblasts.
Serology. Acute and convalescent sera from 19 children were examined for antibodies to one or more streptococcal antigens. Antistreptolysin-0 was measured by a modification of the micromethod of Edwards (1964) , antideoxyribonuclease B (anti-DNAase B) by the method of Nelson, Ayoub and Wannamaker, 1968) ' and antinicotinamide adenine dinucleotidase (antiNADase) by the technique of Kellner, Freeman and Carlson (1958) , as modified by Ayoub and Wannamaker (1962) and Ayoub and Ferretti (1966) . Both serum samples from each patient were tested simultaneously. Single titres above 240 were considered elevated, and a significant rise in antibody titre was defined as two or more dilution increments in serial bleedings.
RESULTS

Bacteriological studies
The results of the bacteriological study of material obtained by needle aspiration of cervical lymph nodes are shown in table I. Only three of 26 lymph nodes were culture negative. S. aureus or group-A streptococci or both were isolated from 22 (84.6%) of 26 nodes. S. aureus was isolated in pure culture from the lymph nodes of 17 children (654%). Group-A streptococci were isolated as a single isolate in only four cases (15.4%). One aspirate yielded S. aureus and group-A streptococci. Of the 18 staphylococcal isolates, 15 were resistant to penicillin. No anaerobic organism was isolated from the six aspirates studied. Mycobacterium kansasii was found in one aspirate.
Gram-positive cocci were demonstrated in stained smears in 14 (63.6%) of 22 lymph-node aspirates. Bacteria were always isolated by culture when organisms were seen on the stained smears. On several occasions, as expected, aspirates that failed to exhibit organisms by gram stain subsequently yielded organisms in culture. The atypical mycobacterium was initially demonstrated by acid-fast staining and was later obtained in culture. Only two of the 26 throat cultures yielded group-A streptococci. One of these children also yielded group-A streptococci from an infected lymph node and the other had S. aureus in the lymph-node aspirate.
Virological studies
Virus was isolated from the throat of two children in whom S. aureus was isolated from node aspirates, influenza A from one and respiratory syncytial virus from the other. Six node aspirates cultured for viruses were negative.
Serological studies
All four children whose nodes yielded only group-A streptococci had a significant elevation, or change on serial testing, of at least one of the streptococcal antibodies. It is of greater interest that seven of 17 patients with S. aureus in aspirates exhibited an immune response to one or more streptococcal antigens (table 11); six others had no antibody elevation or change on serial determinations; convalescent sera were not obtained from the remaining four patients. Neither the child with mixed staphylococcal and streptococcal node isolates nor the child with atypical mycobacterial infection had elevated AS0 titres at the time of aspiration. Additional sera for streptococcal antibodies were not obtained from either of these patients. Of the three patients with sterile node aspirates one had a streptococcal antibody response.
Clinical jindings
The clinical findings in children with culture-proven S. aureus or streptococcal infections of lymph nodes were not different. Temperature, white blood-cell count and erythrocyte sedimentation rate were all elevated.
DISCUSSION
Earlier studies on the pathogenesis of cervical adenitis in children indicated that group A-streptococci were the most commonly isolated organisms (Powers and Boisvert, 1944; Adamson, 1949; Dajani et al., 1963) . More recently, clinical investigators have questioned the streptococcal aetiology of cervical adenitis in children. Scobie (1969) reviewed 946 cases of acute suppurative adenitis in children and attributed 67% to staphylococci. He con-cluded from these observations that the staphylococcus had replaced the streptococcus as the most common infecting organism causing inflammatory lymph-node disease. More recently, Barton and Feigin (1974) , reported 76 cases of cervical adenitis, with S. aureus in 36% of lymph-node aspirates and only 25% attributable to streptococcal disease. In the studies of Scobie and of Barton and Feigin, prior antibiotic therapy had been given to some patients and neither study routinely sought serological evidence of streptococcal infection. In our report, 19 of the 26 children had serological studies in addition to culture of lymph-node aspirates. Because the AS0 titre alone may not accurately reflect recent streptococcal infection, multiple serial antibody determinations were performed in most of our patients. The diagnostic value of streptococcal antibodies has been well defined in the literature (Stollerman et al., 1956; Kaplan et al., 1971; Bisno et al., 1973; Dillon and Reeves, 1974. Although in this series we report only four cases of pure group A-streptococcal culture from lymph nodes, all four children had either a significant elevation of streptococcal antibody initially, or a significant change of titre of one or more of the streptococcal antibodies during the course of treatment. More interestingly, although S. aureus was the only isolate in 17 cases (65.6%), seven of these children (table 11) had serological evidence of a recent streptococcal infection. Thus, by employing both bacteriological and serological criteria for establishing the aetiology of cervical adenitis we found that group-A streptococci were concerned in 13 (50%) of the infections: four pure bacterial cultures, one mixed culture and eight positive by serology.
The recovery of influenza A from one child with cervical adenitis and respiratory syncytial virus from another raises the possibility that viruses may have a role in the aetiology of this disease. Several viruses have already been implicated in the pathogenesis of lymphadenopathy (Krugman, 1965; Debre and Celers, 1970; Henle and Henle, 1973) . Although we were unable to isolate virus from several lymph-node aspirates, this remains an interesting area of speculation and needs further investigation. The majority of patients in this study were treated with penicillin or ampicillin (Krugman, 1965; Dillon and Reeves, 1974) , and despite the high prevalence of penicillin-resistant staphylococci almost all children improved clinically with this therapy. This finding is consistent with the work of Markowitz and Dillon (Markowitz et al., 1965; Dillon, 1970) , who reported uniformly effective treatment of streptococcal impetigo with penicillin despite the presence of penicillin-resistant staphylococci. An analogy can be made with the extensive epidemiological studies of nonbullous impetiginous lesions which suggest that although streptococci and staphylococci may coexist in lesions, the staphylococci play a subsidiary role as secondary invaders. Dajani et al. (1963) also reported isolation of penicillinresistant staphylococci alone and in combination with streptococci from patients with cervical adenitis and suggested that the staphylococcus was a co-invader.
It is difficult to determine the exact role of staphylococci in these cervical lymph-node infections. In this study, six children yielded S. aureus from their cervical lymph nodes and had no change of streptococcal antibody titre on serial determination. A reliable staphylococcal-antibody test would be useful in determining the significance of these cultures. One might speculate that the S. aureus was transported from the throat via lymphatics, thereby causing suppuration and infections of the lymph nodes. S. aureus has not, however, been related to tonsillitis-pharyngitis in the normal host. Moreover, the children in this study with staphylococcal disease, though few, did not have respiratory symptoms preceding their cervical adenitis. In contrast, the majority of children with streptococcal cervical lymph-node infections had respiratory symptoms.
By needle aspiration, culture and serial serological testing, we found that 13 (50%) of the 26 cases in this report were associated with streptococci. In six of the children S. aureus was the only organism recovered and appeared to be the aetiological agent responsible for cervical lymph-node infections.
SUMMARY
Acute cervical adenitis was investigated in 26 children over a 33-month period. Lymph nodes were aspirated and cultured to yield Staphylococcus aureus or group-A streptococci or both from 22 (84.6%) of the aspirates. Mycobacterium kansasii was isolated from one child.
By combined culture and serial serological tests (antistreptolysin-0, antiDNAase B, and anti-NADase), 50% of the cases were found to be associated with streptococcal infection. In a few children, S. aureus was the only organism recovered, and appeared to be the aetiological agent.
